The protein TA0175 has a large number of sequence homologues, most of which are annotated as unknown and a few as belonging to the haloacid dehalogenase superfamily, but has no known biological function. Using a combination of amino acid sequence analysis, three-dimensional crystal structure information, and kinetic analysis, we have characterized TA0175 as phosphoglycolate phosphatase from Thermoplasma acidophilum. The crystal structure of TA0175 revealed two distinct domains, a larger core domain and a smaller cap domain. The large domain is composed of a centrally located five-stranded parallel ␤-sheet with strand order S10, S9, S8, S1, S2 and a small ␤-hairpin, strands S3 and S4. This central sheet is flanked by a set of three ␣-helices on one side and two helices on the other. The smaller domain is composed of an open faced ␤-sandwich represented by three antiparallel ␤-strands, S5, S6, and S7, flanked by two oppositely oriented ␣-helices, H3 and H4. The topology of the large domain is conserved; however, structural variation is observed in the smaller domain among the different functional classes of the haloacid dehalogenase superfamily. Enzymatic assays on TA0175 revealed that this enzyme catalyzed the dephosphorylation of phosphoglycolate in vitro with similar kinetic properties seen for eukaryotic phosphoglycolate phosphatase. Activation by divalent cations, especially Mg 2؉ , and competitive inhibition behavior with Cl ؊ ions are similar between TA0175 and phosphoglycolate phosphatase. The experimental evidence presented for TA0175 is indicative of phosphoglycolate phosphatase.
Acid hydrolases are ubiquitous enzymes that catalyze a diverse array of reactions such as phosphate hydrolysis and phosphoryl transfer. Acid hydrolases belong to the haloacid dehalogenase (HAD) 1 superfamily, which includes L-2-haloacid dehalogenase, epoxide hydrolase, phosphoserine phosphatase, phosphomannomutase, phosphoglycolate phosphatase, and Ptype ATPase, all of which utilize a nucleophilic aspartate in their phosphoryl transfer reaction.
HAD superfamily proteins with different catalytic activities have low sequence identity, less than 14%; however, they are characterized by the following three conserved sequence mo- (1, 2) . Motif I is the most conserved; only subtle variations in this motif are observed for different functional classes of the HAD superfamily. In motif I, the first Asp, which is conserved in all HAD family members, is the functional nucleophile (2) . This nucleophile becomes phosphorylated and is directly involved in the phosphoryl transfer reaction. The second Asp is found in all phosphotransferases and phosphatases but is replaced by a Thr in P-type ATPases and by a Tyr in dehalogenases (2) . This Asp residue partakes both in the acid-base catalysis reaction and in the phosphorylation of the first Asp of motif I. Motif II contains a conserved serine or threonine that hydrogen bonds to the phosphoryl oxygen of the substrate and helps to orient it for the nucleophilic attack (3) . The conserved residues, except lysine, from motif III interact with an active site divalent metal (in most cases Mg 2ϩ ) and are essential for activity (3, 4) . The conserved lysine interacts with the phosphoaspartate intermediate, which results in the stabilization of its phosphorylated state. This lysine, although intimately involved in the catalytic mechanism, is located far away in primary sequence from the conserved sequence DXXXD in motif III and is located on a different secondary structure element in the protein.
tifs: motif I, DX(D/T/Y)X(T/V)(L/V); motif II, (S/T); and motif III, K(G/S)(D/S)XXX(D/N)
Crystal structures of proteins from the HAD superfamily include 2-haloacid dehalogenase, phosphonoacetaldehyde hydrolase, Ca 2ϩ -ATPase of sarcoplasmic reticulum, and phosphoserine phosphatase (3, (5) (6) (7) (8) . These proteins all share a conserved ␣/␤-domain classified as a hydrolase fold, which is similar to the Rossmann fold. Residues from the conserved sequence motifs are also conserved at the tertiary level as shown from the crystal structures of the proteins for this superfamily. TA0175 was selected for structural studies as part of our structural proteomic project because it did not have a structural homologue and was annotated as "unknown" in the genome data base. Multiple sequence analysis using the nonredundant amino acid sequence data base identified more than 50 similar proteins with sequence identities ranging from 75 to 22%, none of which had a known biological function. However, a subset of these proteins were annotated as "putative hydrolase," and they all contained the three conserved motifs observed for the HAD superfamily, which suggested that TA0175 is a potential acid hydrolase. As stated above, this family comprises a number of different enzymes; it is impossible to determine the catalytic function from sequence analysis because there is low sequence conservation among these different functional classes of proteins. Here we demonstrate how the threedimensional crystal structure, when combined with sequence and biochemical analysis, led to the functional annotation of TA0175 as phosphoglycolate phosphatase.
EXPERIMENTAL PROCEDURES
Cloning, Protein Expression, and Purification-The TA0175 gene (GenBank TM accession number gi 16081332) was cloned from genomic Thermoplasma acidophilum (TA) DNA, and its gene product was expressed, selenomethionine (SeMet)-labeled, and purified from a bacterial system using the nickel-nitrilotriacetic acid affinity procedure as described elsewhere for Methanobacterium thermoautotrophicum proteins (9) . Screening for crystallization conditions was also performed as described elsewhere for M. thermoautotrophicum proteins (9) . Crystallization experiments were conducted using the hanging drop vapor diffusion method at room temperature, 296 K. The final crystallization condition consisted of 22% polyethylene glycol 3350 as the precipitant, 0.2 M calcium chloride (CaCl 2 ), and sodium HEPES at pH 7.5. The crystals chosen for x-ray data collection were flash frozen in this buffer containing 12% glycerol, which acted as cryoprotectant. The morphology of the single crystals is rods with maximum dimensions of 0.3 ϫ 0.1 ϫ 0.4 mm 3 . X-ray Diffraction and Structure Determination-Crystals of the TA0175 belong to the orthorhombic space group I222 with unit cell dimensions a ϭ 88.2, b ϭ 99.2, c ϭ 113.8 Å, ␣ ϭ ␤ ϭ ␥ ϭ 90°. Multiwavelength anomalous dispersion data were collected on SBC-2, a 3 ϫ 3 charged coupled device detector built at Advanced Photon Source, to 1.7-Å resolution from a single crystal containing SeMet-labeled protein at three different wavelengths (peak, inflection, and high remote) near the selenium edge (Table I ). The native data were collected to 1.4 Å and used for the later stages of the refinement of the protein structure. All diffraction data were collected at 100 K at the 19ID beamline of the Structural Biology Center at the Advanced Photon Source, Argonne National Laboratory. The multiwavelength anomalous dispersion and native data were processed using the HKL2000 suite of programs (10) . Data collection statistics are presented in Table I . Both multiwavelength anomalous dispersion phasing and phase improvement by density modification were done using CNS version 1.0 software (11) . The initial protein model was autotraced using ARP/wARP at 1.7 Å (12) . The initial refinement was made against the data collected at the peak wavelength of selenium, up to 1.7 Å, by several rounds of CNS refinements consisting of B-group, minimize (or anneal), and water pick steps. After every round of refinement, the model was manually adjusted using both 2 F o Ϫ F c and F o Ϫ F c difference electron density maps followed by individual B-factor refinement. The annealing step used in the refinement includes the simulated annealing with torsion angle dynamics and starting temperature of 5000 K. The water picking was done using the following criteria: a peak of at least 3.0 in the F o Ϫ F c difference map with acceptable bonding distance in the range of 2.0 -5.0 Å with other atoms. In the later stages of the refinement, individual B-factor refinement steps were also included which gave R of 0.224 and free R of 0.246. The final refinements were done with the native data collected to 1.4 Å using the same refinement procedure as above. The final R is 0.171 with the free R of 0.195. All refinements were done using CNS version 1.0, and electron density visualization and model building were done with the software package O (13) . Refinement statistics are included in Table II . The programs MOLSCRIPT (14) , RASTER 3D (15) , and SPOCK (16) were used for preparation of the figures. Enzymatic Assays-Phosphatase activity with 5 mM p-nitrophenyl phosphate (pNPP) was determined in 50 mM HEPES buffer (pH 7.5) as described previously (17) . Phosphoglycolate phosphatase activity was determined as described by Rose et al. (18) except that bovine serum albumin was omitted. Phosphatase activity with phosphorylated substrates was determined spectrophotometrically using reaction mixtures (0.8-ml final volume) containing 50 mM HEPES buffer (pH 7.5), 0.1 M NaCl, 5 mM MgCl 2 , 50 M substrate, and 0.15-1.0 g of TA0175. After a 10-min incubation at 70°C, the reaction was stopped by the addition of 0.2 ml of Malachite Green reagent (19) , and after 10 min at room temperature the absorbance at 630 nm was measured.
Kinetic parameters were determined by non-linear curve fitting using the saturation kinetic equation
. Saturation plots and kinetic parameters were obtained with the software package GraphPad Prism®.
RESULTS AND DISCUSSION
Amino Acid Sequence Analysis-A position-specific iterative BLAST (PSI-BLAST) sequence analysis of TA0175 with other non-redundant amino acid sequences in the protein data base identified more than 50 bacterial proteins that are functionally annotated as hypothetical, conserved, or unknown. A small subset, fewer than 10 proteins, were tentatively classified as belonging to the HAD superfamily of hydrolases. All of these proteins share between 76 and 22% of sequence identity with TA0175 with the three sequence motifs observed in the HAD superfamily being strictly conserved among these proteins ( Fig.  1) . A detailed sequence analysis of these proteins revealed that their primary sequences were all submitted to the data bases by genomic sequencing projects. Therefore, neither genetic nor functional analysis had been performed for this homologous group of proteins. Further sequence analysis revealed that TA0175 belongs to the cluster of orthologous families of proteins (COG0561) called hydrolases and more specifically to a glycosyltransferase subgroup. The sequences of the 30 proteins with highest similarity to TA0175 were aligned with ClustalW. This analysis revealed strict conservation of motif I, DhDGTh, where h is any hydrophobic residue for this class of hydrolases ( Fig. 1) .
Oligomeric Structure-Gel filtration analysis revealed that purified TA0175 is a homodimer. This is consistent with our observation from this crystallization study where we observed two molecules of TA0175 in each crystallographic asymmetric unit. The dimer is related by a pseudo-two-fold symmetry, which forms an elongated barrel. Helices H4 and H6 from each monomer contribute to the base of this structural barrel, and helix H5 is found in the middle of this barrel at the subunit interface. The approximate dimensions of dimeric TA0175 are 55 ϫ 44 ϫ 60 Å (Fig. 2) . The root mean square deviation between the two subunits is 0.53Å over 223 ␣ carbon atoms spanning the entire molecule.
Structure Overview-TA0175 is composed of two distinct domains, a larger "core" domain, comprising the ␣/␤ hydrolase fold, and a smaller "cap" domain. The core domain is composed of a centrally located five-stranded parallel ␤-sheet with strand order S10, S9, S8, S1, S2 and a small ␤-hairpin, strands S3 and S4. The ␤-sheet is flanked by three ␣-helices on the convex side and by two ␣-helices on the concave side of the barrel. On the concave side, the loop L5 connecting ␤-strands S8 and S9 contains a 9-residue stretch (residues 177-185) assuming a pseudo-␣-helix (closely mimicking an ␣-helix). This arrangement of secondary structure in the core domain, involving the six parallel ␤-strands (S10, S9, S8, S1, S2, and S3) and the six helices including the pseudo-␣-helix in the concave side, is similar to that observed for other proteins belonging to the HAD superfamily, phosphoserine phosphatase (PSP) and YrbI from Hae- mophilus influenzae (3, 20) (Fig. 2) . Such secondary organization is also observed for the core domain of CheB, a bacterial response regulator (21) .
The core domain is disrupted by the insertion of a small ␣/␤-domain (cap domain). The disruption of the core domain extends from residue 50 to residue 168 between strand S4 and helix H5. The insertion is an open faced ␤-sandwich represented by three antiparallel ␤-strands, S5, S6, and S7, and two oppositely oriented ␣-helices, H3 and H4 (Fig. 2) . The first helix, H3, precedes strand S5, and the second helix, H4, is followed by strands S6 and S7, which form a ␤-hairpin.
The electrostatic surface analysis of a subunit of this protein revealed a relatively acidic surface (Fig. 2) . Interestingly the active site of this protein is lined with acidic residues and is continuous as a channel through the monomer. This high localization of acidic residues in the active site is consistent with those observed for other acid phosphatases.
Structure Comparison-Structural analysis of TA0175 was done by comparing its coordinates with those of other proteins in the Protein Data Bank using the DALI algorithm. The closest structural matches to TA0175 are PSP, YrbI, phosphonoacetaldehyde hydrolase, calcium-transporting ATPase from sarcoplasmic reticulum, L-2-haloacid dehalogenase, and epoxide hydrolase (3, 5-8) (Table III) . All of these proteins belong to the HAD superfamily; their structures consist of an ␣/␤-hydrolase (core) domain with an insertion (cap) domain. The topology of the core domain within proteins in this superfamily is well conserved. The superposition of the structure of TA0175 with that of PSP (Fig. 3) revealed that the core ␣/␤-domain aligns very well with a root mean square deviation value of 3.4 Å from the DALI analysis. In addition, residues from the three sequence motifs superpose particularly well (Fig. 3) .
Although the core domain shows structural similarity with the ␣/␤-hydrolases, the cap domain shows no structural similarity with any of the different functional classes of HAD enzymes identified by DALI. In TA0175, the cap domain is an open ␤-sandwich consisting of three antiparallel ␤-sheets flanked by two helices. In PSP, the cap domain is a four-helix bundle; in phosphonoacetaldehyde hydrolase it is a five-helix bundle. These structural differences suggest that the biological function of TA0175 differs from that of the above proteins.
Three known bacterial response regulators identified by the DALI analysis share structural similarities to TA0175. Two of them, CheY and CheB, catalyze Mg 2ϩ -dependent phosphoryl transfer to an active site aspartate residue. CheY and CheB are members of bacterial two-component signaling cascades; each interacts with CheA as part of a phosphorelay reaction. CheY has a single domain with an (␣/␤) 5 -fold similar to the HAD superfamily. CheY and CheB also share active site residues similar to the active site aspartate of motif I from the HAD superfamily (21, 22) . However, the cap domain is not seen in the above proteins, therefore it is unlikely that TA0175 belongs to this class of bacterial response regulators.
Toward Functional Characterization of TA0175-Using both sequence analysis and structure information of TA0175, we have refined the possible functions of TA0175 and of its sequence homologues to a subset of four proteins in the HAD superfamily. The sequence analysis of this class of proteins was performed by searching for the N-terminal motif containing DhDGTh found in TA0175 and its close sequence homologues. In the HAD superfamily, the first aspartate (Asp-8), which is the characteristic nucleophile for this class of hydrolases, is strictly conserved. The second conserved aspartate (Asp-10) in this motif, which is present in TA0175, is found only in phosphotransferases and phosphatases and is replaced by a threonine in ATPases and by a tyrosine in dehalogenases, suggesting that TA0175 does not have ATPase or dehalogenase activity.
The threonine found at position 5 in the DhDGTh motif is conserved in all enzymes except ␤-phosphoglucomutases and p-nitrophenylphosphatases. The glycine residue found at position 4 in the motif is replaced by a serine in PSP whose amide interacts with the phosphate oxygen of the substrate, thus increasing the electrophilicity of the phosphorus atom to facilitate attack by the nucleophilic aspartate (23, 24) . Accordingly, if these substitutions are coordinately changed with function, TA0175 is unlikely to be any of the following acid hydrolases: a ␤-phosphoglucomutase, a phosphoserine phosphatase, a histidinol phosphatase, a p-nitrophenylphosphatase, a P-type ATPase, or a haloacid dehalogenase.
To summarize, sequence and structural analysis suggested that the biological function of TA0175 is different from a number of phosphatases from the list of potential functional candidates, including PSP, phosphonoacetaldehyde hydrolase, calcium-transporting ATPase, L-2-haloacid dehalogenase, YrbI, epoxide hydrolase, CheY, and CheB.
Our results from the above structural and sequence analysis approach are consistent with TA0175 belonging to one of the remaining four class of hydrolases (a trehalose-6-phosphate phosphatase, a deoxyglucose-6-phosphate phosphatase, a phosphomannomutase, or a phosphoglycolate phosphatase) or that TA0175 may belong to a novel class of acid hydrolases altogether.
TA0175 was screened for biological activity of the four possible enzymes by monitoring for the release of free phosphate in the presence of their appropriate substrates. We found that TA0175 catalyzed only the dephosphorylation of phosphoglycolate and displayed kinetic characteristics similar to the enzyme phosphoglycolate phosphatase (18, 25) . The pH dependence, divalent metal ion requirement, chloride ion dependence, and kinetic parameters of TA0175 were then compared with those of phosphoglycolate phosphatase obtained from spinach and red blood cells. Results from these studies are consistent with TA0175 functioning as a phosphoglycolate phosphatase (Table  IV and Fig. 4.) .
Although enzymatic activity of TA0175 with phosphoglycolate was observed, further kinetic characterization was undertaken. We also investigated the ability of TA0175 to catalyze the release of phosphate from the two nonspecific phosphatase substrates pNPP and inorganic pyrophosphate (PP i ). As expected, enzyme TA0175 catalyzed the release of phosphate from both pNPP and PP i ; however, the catalytic behavior of this enzyme is markedly different. With substrate analogue pNPP, saturation kinetics are observed but with reduced binding affinity, reduced catalytic activity, and markedly reduced catalytic efficiency with the k cat /K m value 1000-fold lower than with phosphoglycolate as substrate. With PP i , the enzyme catalytic properties are slightly altered with its catalytic efficiency reduced by less than 10-fold. However, we observed a sigmoidal curve, instead of a classic saturation curve, with a Hill's coefficient n H ϭ 1.7 Ϯ 0.2 indicating positive cooperativity in PP i binding. This observation is consistent with the crystal structure of the dimer, which revealed different distinct conformational states of the individual subunits within the protein.
Phosphoglycolate phosphatase from both spinach and red blood cells is activated by Mg 2ϩ ions (18, 26 (Fig. 5) . Ca 2ϩ is known to inhibit phosphoglycolate phosphatase (27) . The addition of 10 mM Ca 2ϩ resulted in greater than 90% inhibition of the phosphoglycolate phosphatase activity of TA0175 (Fig. 6) . Rose et al. (18) have shown that Cl Ϫ ions are activating at low concentration (up to 25 mM KCl) and are competitive inhibitors with respect to phosphoglycolate at higher concentrations. Our analysis with TA0175 is also consistent with the above observation; at low chloride ion concentration (up to 50 mM) the enzyme was activated 2-fold, but with increasing chloride concentration, its activity was inhibited, and at 600 mM KCl, total phosphoglycolate phosphatase inhibition occurs (Fig. 7) . In summary, the results from our kinetic characterization of TA0175 support the proposal that this protein is a phosphoglycolate phosphatase.
Functional Role of Active Site Residues-Superposition of the three-dimensional structure of PSP with that of this newly identified T. acidophilum phosphoglycolate phosphatase revealed strong similarities in their active sites. The residues identified in motifs I, II, and III of the HAD superfamily were all located in the active site of this phosphoglycolate phosphatase. These active site residues superpose with analogous active site residues of PSP (Fig. 3) . The functional roles of a The inset is a reciprocal plot using the Lineweaver-Burke method for approximation of kinetic parameters that was compared with results obtained with the non-linear regression method. B, saturation kinetic profile with pNPP as substrate for TA0175. As expected, a marked reduction in catalytic efficiency with this substrate was seen as a result of its lower binding affinity to the enzyme. C, kinetic profile of TA0175 with substrate PP i showing a sigmoidal curve with positive cooperativity for substrate binding. This observation is consistent with the crystal structure of the dimer. We observed different conformational states of the individual subunits within the dimer of TA0175. U, units.
number of these conserved residues have been confirmed for PSP by chemical modification/proteolysis and mass spectrometry (4). In addition, crystal structures of complexes with BeF 3Ϫ , PO 4 2Ϫ , Mg 2ϩ , and now with Ca 2ϩ have all contributed to the characterization of binding sites within the HAD superfamily of proteins (3, 7, 24) .
Identification of Active Site and Active Site Residues-The crystal structure of TA0175 revealed five Ca 2ϩ ions per dimer. The protein was crystallized in the presence of 1 mM CaCl 2 , therefore its substitution for Mg 2ϩ , the likely physiological divalent metal as seen from our kinetic analysis, is not surprising. The active site of TA0175, which was identified by the bound Ca 2ϩ ions, was located between loops 1, 3, 5, 12, and 14 in the three-dimensional structure. The active sites are located on opposite faces of the dimer, and residues from each subunit contribute to form a complete active site. In one subunit, we identified two well ordered Ca 2ϩ ions that interact with conserved residues seen in motifs I, II, and III. The first of these Ca 2ϩ ions interacts with Asp-8, Asp-174, Asp-176, Ser-175, and two water molecules (Fig. 3) . The position and interactions of this Ca 2ϩ is analogous to the location of the functionally important Mg 2ϩ found in other Mg 2ϩ -dependent proteins such as CheY and PSP (3). A second Ca 2ϩ is found 6.3 Å away from the first Ca 2ϩ ion in the structure. This well ordered Ca 2ϩ is coordinated to Asp-174, the backbone carbonyl of Gly-11, and three well ordered water molecules. The third Ca 2ϩ resides in a separate region, about 14 Å away from the two other Ca 2ϩ in the molecule, and forms only two direct interactions via Asp-10 and the amide backbone of Gly-43 with the protein molecule. This third Ca 2ϩ does not form any direct interaction with the protein in the other subunit; rather we observed interactions with three water molecules in almost perfect trigonal geometry. These water molecules are held in perfect geometry by hydrogen bonding with Asp-10, Asn-44, Ser-138, Ser-141, Arg-108, and the amide backbone of residue 43. It is likely that these water molecules replace the natural substrate of this enzyme because in other enzymes analogous residues are known to confer substrate specificity.
Biological Mechanism from Crystal Structure-The crystal structure of TA0175 reveals residues from the three highly conserved sequence motifs interacting with a Ca 2ϩ ion, which most likely replaced the physiological Mg 2ϩ ion in the protein. Interestingly a similar interaction with Mg 2ϩ has been observed for other acid hydrolases, and the role of these residues in the catalytic mechanism has been described elsewhere (24) . We propose that the enzymatic mechanism observed for other acid hydrolases, such as PSP and P-type ATPase, is also conserved for phosphoglycolate phosphatase based on conserved structural features, conserved key active site residues, conserved Mg 2ϩ binding site, and conserved sequence motifs in this HAD superfamily (Fig. 3) (Table V) .
In terms of substrate binding, the crystal structure of TA0175 shows that the conformations of loop 1 of the protein are not identical between its two subunits; we observed that the bound Ca 2ϩ in this position participates in different Hbonding interactions in each subunit. We observed three water molecules interacting with the third Ca 2ϩ ion and propose that they occupy the position of the biological substrate. In the other subunit, the third Ca 2ϩ is absent, and loop 1 closes off the active site. This closed conformation is stabilized by ionic interaction between Arg-18 and Asp-10. It is likely that the conformation of loop 1 most likely regulates the passage of substrate and product to and from the active site, and the interaction between Arg-18 and Asp-10 modulates this behavior.
Biological Significance and Role of Phosphoglycolate Phosphatase in Microorganisms-The enzyme phosphoglycolate phosphatase has been isolated from plants, from animal tissues, and from red blood cells. In plants, it is involved in the dephosphorylation of phosphoglycolate, which is produced when ribulose-bisphosphate carboxylase reacts with oxygen during photorespiration. Phosphoglycolate phosphatase is localized in the chloroplast where its substrate, phosphoglycolate, is a potent inhibitor of phosphofructokinase and triosephosphate isomerase (27) . In red blood cells, phosphoglycolate is synthesized by pyruvate kinase and has been shown to activate the breakdown of 2,3-bisphosphoglycerate, which is a regulator of the oxygen affinity of hemoglobin (18) . In autotrophic organisms, the role of phosphoglycolate phosphatase is to prevent accumulation of phosphoglycolate and permit it to be recycled by the Calvin cycle. However, in heterotrophs, the role of phosphoglycolate phosphatase is still not understood. An Escherichia coli mutant lacking a functional phosphoglycolate phosphatase did not show an altered phenotype (28) . Interestingly the gene encoding this enzyme is found in the same operon as the dam gene whose gene product is involved in the methylation of adenine in the GATC sequence. Doublestranded DNA breaks produced by ionizing radiation create terminal 3Ј-phosphate or 3Ј-phosphoglycolate. These 3Ј-phosphoglycolate overhangs are inhibitors to the DNA repair process and must be removed for DNA polymerase to function (29) . The enzyme involved in removal of the 3Ј-phosphoglycolate has yet to be identified. Therefore, future studies need to be conducted to determine whether the identified phosphoglycolate phosphatase could play a role in DNA repair in prokaryotes.
FIG. 7. The dual roles of Cl
؊ ions in TA0175 activity. Top panel, a low concentration of Cl Ϫ ions, up to ϳ25 mM NaCl, is shown to activate TA0175; the activity of the enzyme almost doubles. However, at higher concentrations Cl Ϫ ions competitively inhibit TA0175. The double reciprocal plot (lower panel) exemplifies the competitive inhibition nature of high concentration of Cl Ϫ ions. These plots intersect at the origin, which is characteristic of competitive inhibition behavior. Cl Ϫ ions were shown to have a similar inhibitory effect on phosphoglycolate phosphatase from red blood cells. U, units. 
